Summary. Gifujidori hens were allowed to repeat a breeding cycle in one season. In the first breeding cycle the duration of the brooding (raising chicks) stage was limited to 3 weeks, whereas in the second breeding cycle it was limited to 1 week by removing all chicks from mother hens. In the first breeding cycle, plasma prolactin (PRL) was high during the incubation period, but rapidly decreased on the day of hatching and reached minimum values about 1 week after hatching. In contrast, plasma luteinizing hormone (LH) concentrations were low during the incubation period, but after hatching they gradually increased and reached peak values immediately after removal of chicks. Concentrations of oestradiol in plasma were low in the incubation and brooding stages but increased significantly immediately after removal of chicks. In the second breeding cycle, changes in PRL and LH concentrations were similar to those observed in the first breeding cycle except that even greater increases in plasma LH and oestradiol concentrations were observed one week after hatching when the chicks were removed. These results suggest that coexistence of newly hatched chicks may suppress LH secretion from the pituitary of the hen in the natural breeding cycle.
Introduction
The onset of incubation behaviour in chickens and turkeys is characterized by an increase in the concentration of prolactin (PRL) in plasma (Sharp et al, 1979 (Sharp et al, , 1988 ; Burke & Dennison, 1980; Lea et al, 1981; Zadworny et al, 1985 Zadworny et al, , 1988 Shimada étal, 1987) and a decrease in the concentrations of luteinizing hormone (LH) in plasma (Coggere/fl/., Sharp et al, 1979; Lea étal, 1981) and sex steroid hormones (Cogger et al, 1979; Kono et al, 1985) . High concentrations of PRL and low concentrations of LH and sex steroid hormones in plasma are maintained throughout the incubation period. This inverse relationship between concentrations of PRL and LH in plasma, however, is not applied to the brooding (raising chicks) period after hatching. During the brooding period, plasma LH concentrations remain low (Sharp et al, 1979) , whereas those of PRL begin to fall immediately after hatching (Sharp et al, 1979) . Plasma LH concentrations usually increase about 3 weeks after hatching when hens take care of chicks. This indicates that newly hatched chicks stimulate maternal behaviour (brooding) which, in turn, suppresses LH secretion and gonadal activity. If the coexistence of chicks with hens is involved in inhibition of release of LH in the hen, it is expected that LH is released in plasma in the hen in response to removal of chicks from the parent much earlier than 3 weeks after hatching. Sharp et al (1979) (Lea et ai, 1981) . When the hens had incubated their eggs in the nests for 16 days, unfertilized eggs were substituted by fertilized eggs that had been incubated in an artificial incubator for 16 days from the onset of incubation. Chicks were hatched during a 1-3 day interval and with brood sizes of between three and ten chicks. Unhatched eggs were removed from the nests 3 days after the first eggs were hatched. The chicks were removed from hens one week (group 1) or 3 weeks (group 2) after hatching.
Assays
Blood samples were collected from a wing vein between 12:00 and 13:00 h every two days. Plasma samples were stored at -20°C until assayed. Plasma concentrations of PRL were measured by the radioimmunoassay method using turkey PRL antigen (Proudman & Corcoran, 1981) and turkey PRL antibody (Burke & Papkoff, 1980 397-6 + 891 ngmr1 2 days before hatching; 930 + 13-7 ngml"1 on the day of hatching) ( Fig. 1) .
PRL levels dropped further to 17-5 ± 2-6 ng ml"' thereafter, but tended to increase in relation to laying. Concentrations of LH in plasma were low during the incubation period but gradually started to increase during the brooding period.
These fluctuations were not statistically significant from one day to the next but on the basis of stage, the increase in concentrations of LH in plasma in the pre-laying I stage (between removal of chicks and 10 days after removal) and II stage (between one and 10 days before laying) were significantly different from those in the brooding stage (P < 001). At time of removal of chicks, LH concentration in plasma markedly increased. This increase was significantly different between one day before and one day after removal (P < 001). The concentration of LH tended to decrease but remained high thereafter. Concentrations of oestradiol remained low both in incubating and brooding stages but significantly increased immediately after removal of chicks (P < 001) and remained relatively high. Experiment 2. Effects of removal of chicks from hens 1 week after hatching Laying began 22 + 6 days after chick removal. There was an abrupt fall in concentration of PRL in plasma on the day of hatching of chicks (Fig. 2) . The concentration of LH decreased to a minimum value after the removal of chicks. Low concentrations of LH in plasma were observed both in incubating and brooding stages but the levels sharply increased immediately after removal of chicks. These peak concentrations of LH were five times higher than the concentrations in the previous stages (P < 001). The concentrations of LH decreased after several days but the relatively high concen¬ trations were maintained through the successive laying stage. Changes in plasma oestradiol concen¬ trations were similar to those of LH concentrations throughout all the stages. Again, a sharp increase in plasma oestradiol concentrations was noted immediately after removal of chicks (P < 0-01).
Discussion
The present study confirmed previous findings of an inverse relationship between plasma concen¬ trations of PRL and LH during the incubation period in hens (Sharp et al, 1979 (Sharp et al, , 1988 ; Lea et al, 1981). However, the underlying mechanisms for the release of these anterior pituitary hormones are not known in hens, but PRL itself may affect the hypothalamo-anterior-pituitary axis and suppress LH release (Sharp et al, 1979 (Sharp et al, , 1988 Lea et al, 1981) or some other factors evoking PRL release (i.e. presence of egg in the nest) may inhibit LH release. Vasoactive intestinal polypeptide (VIP) may be involved in release of PRL in birds (Macnamee et al, 1986; Sharp et al, 1989) .
Concentrations of LH in plasma remain low even when plasma PRL concentrations decrease after hatching, suggesting that PRL may not directly inhibit LH release. Furthermore, the present study clearly demonstrated that plasma LH concentrations rapidly increased at the time chicks were removed from hens. This result indicates that coexistence of chicks with hens is involved in suppression of LH release in the hen. However, since hens with growing chicks eventually resume egg laying, only newly hatched chicks may provide stimuli for suppressing LH release. These may be auditory (pipping), visual (appearance), physical (tactile) or a combination of these factors. It is uncertain how these stimuli are involved in LH release mechanisms. The possibility that LH release is regulated by internal mechanisms in the hen also cannot be eliminated. Future studies will examine whether the presence of newly hatched chicks for 3 weeks after incubation can inhibit LH release in hens.
Finally, it should be noted that mechanisms for LH release in relation to hatching and broodiness are different from those in hens before sexual maturity, although rising LH concen¬ trations occur in plasma before laying in both cases. In the latter, it has been suggested that the hypothalamo-pituitary-gonadal axis is activated by photostimulation as well as by other factors (for example food availability and environmental temperature) which, in turn, results in release of LH during the pre-laying period. In the case of LH release after broodiness, coexistence of newly hatched chicks involves an inhibitory factor and delays the onset of lay once the hens become sexually mature. During the period of incubation, concentrations of LH and oestradiol in plasma decrease and yellow yolky follicles in the ovary start regressing. However, the immediate and rapid increase in concentrations of oestradiol in plasma in response to removal of chicks (Figs 1 and 2) suggest that the ovary is steroidogenically active. The primary source of oestrogens is the immature small follicles (Armstrong, 1985; Robinson & Etches, 1986) . In addition to those factors, a modified mechanism for LH release by coexistence of newly hatched chicks may result in LH suppression and delay the onset of lay.
